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ROBOTIC SOD STACKER 

FIELD OF THE INVENTION 
[0001] The present invention relates to sod han^esters and. more 
5 particularly, to a machine for cutting strips of sod from the ground and 
automatically fomning a stack of rolled strips of sod. 

BACKGROUND OF THE INVENTION 
[0002] A sod harvester usually has a horizontal blade which severs 
10 the sod from the ground at the desired thickness in combination with two 
vertical side blades which cut the sod to the desired width. Thus, a continuous 
strip of sod is formed as the harvester travels along its cutting path. A 
transverse vertical cutter blade is periodically driven into the sod adjacent the 
undercutting blade to cut the strip to length. 
15 [0003] As the strip of sod is cut, ft is conveyed away from the cutter 

blade, usually up an inclined conveyor, for forming into rolls. United States 
Patent No. 3,509,944 (Brouwer et al.) discloses a prior art sod han/ester which 
includes such an inclined conveyor, and in which the rolls of sod are fonned 
adjacent the upper end of the conveyor. The sod harvester disck>sed in the 
20 '944 patent is designed to be mounted at the side of a power unit, by which the 
harvester is propelled. 

[0004] United States Patent No. 4,832,130 (Brouwer et al.) discloses 
a self-propelled sod harvester. The harvester includes an inclined conveyor 
which delivers the strip of sod into a separate roll-forming enclosure which 
25 includes a pair of conveyors disposed generally at right angles to one another 
for forming the roll. The formed rolls are discharged onto a cart at the end of 
the han/ester which can convey the fonned roll to either side of the cart and 
clear of the harvester on its next pass. The '130 patent also discloses a curved 
conveyor for discharging formed roils clear of the harvester. 

[0005] Robots have long been used In industry to replace human 
operators doing repetitive manual operattons. They have the advantages of 
consistency, accuracy, speed, and tirelessness. Automated processes or 
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automatic machines share these advantages, but robots have the additional 
advantage of flexibility. In other words, automatic machines are capable of 
doing a single repetitive operation, while robots can be programmed to do a 
variety of operations. Robots derive this advantage from two things. First, the 
5 method of control is programmable, usually with a computer. Second, the 
mechanical manipulator is capable of a wide variety of motions. 

[0006] Most commonly, robots have a fixed base. They do their work 
always at the same location. Examples include welding, painting, moving 
workpieces or tooling, and palletizing material. There also exist mobile robots, 

10 capable of moving from place to place. Examples of mobile robots include 
vehicles for moving material within a factory, or picking and moving goods 
within a warehouse. Generally, the flexible, programmable function of these 
robots include the carrying or moving of an object from one place to another. 

[0007] There also exist automatic machines that gather and stack 

15 agricultural products. Examples include automatic bale wagons for gathering 
and stacking rectangular bales of hay, and automatic machines for loading and 
stacking cartons in an agricultural field. However, these prior machines lack 
the programmability and flexible manipulators of a robot. 

[0008] At least for the last twenty years there has been an awareness 

20 of a need for automatic stacking of sod at the point of collection, or harvesting. 
Throughout that time, industrial robots were well-known to be in existence. 
Also, throughout that time there has been an awareness that sod growers in 
different regions use different sizes of sod rolls and different configurations of 
stacks of sod rolls. Even so, during that time the only machines developed for 

25 that purpose have been automatic stackers, relatively large, not programmable, 
and dedicated to a single size or method of stacking. In addition, it has been 
common practice to stack sod manually in a way that the top layers of the stack 
are smaller than lower layers, in order to enhance the stability of the stack. No 
mechanical stacker has provided a way to accomplish this method of stacking. 
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SUMMARY OF THE INVENTION 
[0009] This present invention Intends to provide a mobile robot for 
accumulating sod on a stack at the point of collection. One object of the 
invention is to provide a single machine that Is capable of stacking various 
5 sizes of sod rolls, for example, 16" and 24" wide. In various stacking 
configurations based on local market preferences. A ftjrther object Is to provide 
a mechanical sod stacker that is capable of depositing layers on the top of the 
stack that are smaller than the lower layers, resulting in a more stable stack. A 
further object is to provide a mechanical sod stacker that is significantly smaller 
1 0 and mechanically simpler than automatic stackers previously developed. 

[0010] According to one embodiment of the invention, a pair of 
mechanisms are mounted to the rear of a oonventtonal small roll sod harvester, 
or other machine that cuts and rolls turf-grass sod. The first mechanism is an 
accumulator that gathers sub-groups of sod rolls. The second mechanism is 
15 an articulated arm with a pick-up head, controlled by a programmable 
computer, that picks up the sub-groups of sod and places them on a stack in 
predetermined but flexible pattern. Designs for the accumulator and articulated 
ami with pick-up head, all of which overcome the problems of the prior art are 
disclosed. 

20 [0011] Further areas of applicability of the present invention will 

become apparent finom the detailed description provided hereinafter. It should 
be understood that the detailed description and specific examples, while 
Indicating the preferred embodiment of the invention, are intended for purposes 
of illustration only and are not Intended to limit the scope of the Invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] In order that the Invention may be more clearly understood, 
reference will now be made to the accompanying drawings which Illustrate 
preferred embodiments of the invention by way of example, and in which: 
5 [0013] Figure 1 is a simplified perspective view from the rear and 

above a sod harvester In accordance with one embodiment of the invention; 

[0014] Figures 2 and 3 are schematic plan views illustrating various 
configurations in which sod rolls may be placed using a sod stacker in 
accordance with the invention; 
10 [0015] Figures 4 and 5 are, respectively, a series of graphs and a 

schematic circuit diagram illustrating the operation of a hydraulic cylinder via a 
proportional valve in accordance with a feature of the invention; 

[0016] Figure 6 is a schematic circuit diagram illustrating how the 
hydraulic cylinders shown in Fig. 1 are operated in accordance with the 
15 invention; 

[0017] Figures 7 and 8 are elevational views illustrating the gripper 
head in accordance with the invention; Figure 8 shows actuating cylinders not 
shown in Figure 7; 

[0018] Figures 9 and 10 are reproductions of photographs of an 
20 actual gripper head as seen from above; 

[0019] Figures 11 and 12 are plan and end elevational views 
respectively showing the gripper head; 

[0020] Figure 13 is a schematic elevational view of the gripper head 
as seen in Figures 7 and 8, illustrating a feature of the gripper head design; 
25 [0021] Figure 14 comprises a number of schematic views Illustrating 

various arrangements of sod rolls in different layers of a stack of sod that can 
be achieved using a sod stacker in accordance with the invention; 

[0022] Figure 15 is a view showing self-leveling linkages for the pick- 
up head; 

30 [0023] Figures 16 and 17 are a perspective view of an alternate 

accumulator according to the teachings of the present invention; and 
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[0024] Figure 18 represents a perspective view of a sod harvester 
according to the teachings of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 [0025] The following description of the prefen-ed embodiments are 

merely exemplary in nature and is in no way intended to limit the invention, its 
application, or uses. 

[0026] Figure 1 is an overall isometric view of a small roll sod 
harvester 20 fitted with an accumulator device 22 and a robot in the form of an 
10 articulated arm 24 with pick-up head. In the context of the invention, a robot is 
defined as being a digitally contnslled arm. Colloquially, a machine may be 
called a robot even if a human operator is controlling it remotely. 

[0027] Reference numeral 28 designates a conveyor which delivers 
rolled sod to the rear of the soi hiarvester. The rolled sods are deposited from 
15 conveyor 28 onto a tray 30. A sensor detects the presence of the foil, which 
prompts the controller to cause a pusher 32 to move laterally from right to left, 
moving the roll of sod onto an indexable accumulator conveyor 34. 
Acojmulator conveyor 34, which is made of rubber having indexing lugs, 
advances every time a sod roll is moved onto It, until a sub-group of sod rolls is 
20 accumulated. At this time, a computer (not shown) controls the articulated arm 
24 with pick-up head to pick up the sub-group of sod rolls and place them into a 
piling cavity 36. In this regard, the piling cavity 36 has a pair of actuate forks, 
which support a sod supporting skid, or a skidless sod stack. 

[0028] Tray 30 and pusher 32 function to bring the rolled sod to the 
25 accumulator conveyor 34. The tray 30 and pusher 32, however, are not 
essential to the invention. They are used to transfer the sod rolls to a position 
closer to the piling cavity 36 so that the articulating arm does not have to move 
as far to pick them up, which increases productivity. A oo-liner positioning of 
the conveyor 28 with the accumulator conveyor 34 obviates the need for the 
30 tray 30 and pusher 32. 

[0029] Refenring briefly to figure 15, the articulated arm 24 is 
mounted on a base 38 for tuming about a vertical axis X-X. One end of a first 

6 
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arm segment 40 is pivotally mounted to base 38 for turning alx}ut vertical axis 
X-X, and one end of a second arm segment 42 is pivotally mounted to the other 
end of segment 40 about a horizontal axis. A pick-up head 44 is mounted to 
the other end of segment 42 to turn about a vertical axis. Hydraulic cylinders 
5 drive all four of these pivoting actions. Electronic feedback tells the computer 
the exact location of each cylinder. The computer controls both the position 
and the speed of each cylinder. The computer can be programmed in a way to 
optimize the travel time of the pick-up head for maximum productivity. 

[0030] Further, the location of the arm is controlled by the computer 

10 using pressure transducer infonnation from the gripping forks. The pressure 
transducer is used to sense when the rolls are starting to land on the forks or 
on the previous row. This feature allows the robot to compensate the position 
of the rolls of varying diameter, which results in layers of different thickness. By 
sensing a reduction in pressure when the sod starts to land on the stack 

1 5 reduces cycle time. 

[0031] Reference numeral 46 indicates the hydraulic cylinder that 
swings the whole articulated arm assembly 24 about the pivot axis X-X on arm 
base 38. Numeral 48 denoted the cylinder that raises and lowers arm segment 
40. Numeral 50 denotes the cylinder that extends and retracts arm segment 

20 42. Numeral 52 denotes the cylinder that pivots the pick-up head 44. Head 44 
is also pivotally coupled to anm segment 42 about a horizontal axis, but is held 
level by self-leveling linkages. 

[0032] Critical to the correct functioning of the pick--up head 44 is that 
the pick-^up head 44 must be horizontal at all times. This is accomplished by 

25 means of two self-leveling linkages, reference numerals 116 and 118 in Figure 
15. Self-leveling linkage 1 16 is pivotally connected at the bottom to the pivoting 
base 112 of the articulating arm. At the top, it is pivotally connected to linkage 
114. The length of self-leveling linkage 116 is the same as the length of ami 
40, and the orientation of the end pivot point to the pivots of arm 40 are the 

30 same. This 4-bar linkage serves to keep link 114 at a consistent angle to 
horizontal. Likewise, self-leveling linkage 118 is constructed as one member of 
a 4-bar linkage including arm segment 42, and served to keep the pick-up head 



BN;r.rXK:ii:»: <WO 2OO4006642Ar! J > 



wo 24Mi4/006642 



PCT/US20()3/M2I8V4 



44 horizontal at all times. Without the self-leveling links, an additional cylinder 
and control would be needed to keep the head level as amn segment 42 moves 
about its upper pivot point. 

[0033] The self leveling linkage 116 is coupled to the first arm 
5 structure which is fomiied of two generally parallel members. Each member is 
coupled to the base 112 at a respective proximal end. Each member is also 
rotatably coupled to a first linkage 114 at a respective member distal end of 
each member. This construction forms the 4-bar linkage configuration which 
functions to maintain the angular orientation of the first linkage 1 14. 

10 [0034] Coupled to the first linkage 114 is a second arm structure 

which is additionally formed of a pair of generally parallel members 42, 118. 
Each of the members Is rotatably coupled at one end to the first linkage and at 
a second end to a second linkage. A first actuator 48 is disposed between the 
base 112 and the first member 40 while a second actuator 50 is disposed 

15 between the first member 40 and the third member 42. The controller is 
coupled to these actuators 48, 50 to control the operation of the arm structure. 

[0035] Figures 2 and 3 show a sample of the variety of stacking 
configurations that is possible using a robotic stacker. Assuming the base of 
the stack is 48" by 48". reference numerals 54, 56. 58 and 60 denote layer 

20 configurations that fill the base dimensk>ns. Reference numerals 54 and 56 
indicate rolls of sod that are 24 inches wide, so the layers consist of two rows of 
5 rolls. Reference numerals 58 and 60 show rolls of sod that are 16 inches 
wide, so the layers consist of three rows of 5 rolls. Orienting the layers 
alternately rotated 90 degrees to one another contributes to the stability of the 

25 stack. As the stack grows higher, stability is enhanced by making the top 
layers successively smaller than the lower layers. With a programmable robot, 
this can be accomplished in several ways. 

[0036] For example, considering the configuration indicated by 
reference numeral 60, two sixteen inch rolls in subgroups of five are placed 

30 closer together, leaving room for two additional rolls to be placed between 
those subgroups. The two additional rolls are dropped fifom the next two 
subgroups of 5. leaving two rows of four for the top layer (ref. 64 - Fig. 3). 

7 
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[0037] Reference numeral 66 indicates a smaller layer of 24 inch 
wide rolls, consisting of 2 subgroups of 4 rolls each. This is accomplished by 
picking up the sub-group earlier, after the fourth roll Is deposited on the 
accumulator conveyor. Reference numeral 68 shows the top layer, consisting 
5 of one subgroup of 2 rolls. It can be seen that the ability to pick up varying 
numbers of rolls, to drop one of the subgroup independently, and to locate the 
layers in various positions, gives rise to a wide variety of stacking methods. 

[0038] The hydraulic cylinders that drive the pivoting actions of the 
articulated arm and pick-up head are controlled using a commercially available 
10 programmable controller (computer) with commercially available proportional 
hydraulic valves. 

[0039] The difficulty is that the controller is designed to work with 
servo motors, or servo valves, which are much more expensive than 
proportional valves. The lack of compatibility is due to the different response 

15 times. Servo motors and servo valves have a very fast response time relative 
to proportional valves. In other words, when the controller sends a signal to a 
servo motor, it responds almost instantaneously. When the same controller 
sends a signal to a proportional valve, there is some delay in the response. A 
feature of the present Invention is the specification for an amplifier between the 

20 controller and the proportional valve, which includes a way to get instantaneous 
response from the proportional valve. 

[0040] Referring to Figures 4 and 5 the computer puts out a signal of 
+10 volts to -10 volts. Zero volts output means the valve should not move, 
positive voltage means motion in one direction, and negative in the other 

25 direction. The valve input signal must be between +3 and +9 volts, where +6 
volts results in no motion, greater than 6 results in motion in one direction, and 
less than 6 results in motion in the other direction. The slow response is due to 
a deadband of approximately 0.3 volts (between 5.7 and 6.3), within which 
the valve does not respond. The spool of the valve needs to move slightly 

30 before it starts to open up. In accordance with the invention an amplifier is 
provided as a way of tuning out the deadband. In other words, at any positive 
voltage coming from the computer, the amplifier output to the valve jumps 
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immediately to approximately 6.3 volts, or the value that has been adjusted to 
the characteristics of the particular valve. 

[0041] This is illustrated in Figure 5. The block diagram illustrates 
that the computer output control signal (A) of -«-10 V is fed to the amplifier. The 
5 amplifier converts this to control signal (B), of +3 V to +9 V. This signal controls 
the proportional valve, which feeds hydraulic oil (C) to the robot cylinder. An 
encoder is physically linked to the cylinder, and provides a feedback position 
signal (D) to the computer. 

[0042] In the ideal condition (first column - Fig. 4), there is 

10 instantaneous response. Any control signal from the computer results in oil 
flow immediately. In the actual condition (second column), a deadband occurs 
for the time during which the amplifier output goes from 6.3 to 5.7 Volts. This 
deadband is undesirable because the computer is looking for a fast feedback 
position signal from the encoder. In the corrected condition (third column), an 

1 5 amplifier has been specified that adds a step in the conversion of the control 
signal. As signal A approaches zero from +10 V, the amplifier output signal B 
approaches 6.3, rather than 6. As signal A approaches zero from -10 V, the 
aniplifier output signal B approaches 5.7 rather than 6. This results in a linear 
response of oil flow to computer control signal. Again, the actual values may 

20 vary slightly from 6.3 and 5.7, but the amplifiers can be tuned to match the 
valves. 

[0043] The ideal condition (first column) would mean that there is no 
delay between sending the control signal and receiving the feedback signal. 
The control loop is in a perfect balance. The robot will move exactiy as you 

25 would program it. (Ideal smooth operation.) 

[0044] The actual condition (second column) would mean that there 
is a great delay between sending the control signal and receiving the feedback 
signal. The control loop is way off balance. The computer expects a feedback 
signal within 1 millisecond. This feedback signal will take approx. 500 

30 milliseconds. This means that the computer will increase its control signal with 
a predefined constant, (P-gain) every 1 millisecond for the time it does not 
receive a feedback signal. Be the time it receives the feedback signal, the 
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control signal is far to great, and it will decrease the control signal again step by 
step for the next 500 milliseconds. This will result in complete standstill. The 
robot will start movement very violently and stop violently along the 
programmed movement, which should be smooth and linear. Normally you 
5 would just set a lower proportional setting (P-gaIn) for the control loop. This 
setting damps down the reaction on the feedback signal, and can be set within 
the computer software. However, the response time of the control loop is so 
great (bad!) that this way of setting has nearly no effect on the physical 
behavior of the robot 
10 [0045] This oscillation is quite predictable as the valves are much too 

slow to keep up with the control loop. In the corrected column the response 
time within the control loop has been reduced to approx. 50 milliseconds, due 
to tiie deadband correction. With the proportional (P-gain) setting in the 
software you can smooth out any violent reactions of the system and you are 
1 5 able to control the robot. 

[0046] Figure 5 illustrates the principle of including an amplifier in a 
hydraulic circuit to solve the "deadband" problem described previously. Figure 
6 is a schematic diagram showing the overall control circuits for the robotic sod 
stacker of Figure 1 including the amplifiers for the computer-controlled 
20 proportional valves for moving the robotic arm. Note that there are actually two 
circuits shown - one is the hydraulic oil circuit, and the other is the electrical 
control circuit. Other "on-off" functions, such as actuating the gripper fingers, 
pusher, and accumulator conveyor, are controlled with commercially available 
PLC (Programmable Logic Controls). 
25 [0047] The pick-up head 44 will now be described In detail, initially 

with reference to Figur« 7. Head 44 Includes five Individual gripper modules 70 
mounted on a common frame or support 72. Each gripper module 70 has a 
frame 74 and two sets of gripper fingers 76. A concave stripper 78 Is part of 
frame 74. The two sets of fingers 76 are each mounted to a finger frame 80, 
30 which is mounted on a pivot shaft 82 on frame 74. The two finger frames 80 in 
each module are connected by a gripper cylinder 84 at points (a) and (b) 
(Figure 8). When the gripper cylinder 84 extends, the fingers 76 rotate to a 

10 
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position 76' below the stripper 78. With this motiorit a roll of sod is released. 
Provision is made to insure that the roll of sod is dropped in a controlled way, 
that is, to prevent one set of fingers from retracting before the other set, which 
could result in the roll moving out of position. This provision is accomplished by 
5 tying the two finger frames 80 together with links 86 (Fig. 11). Each link 86 is 
connected at one end to a finger frame, and at the other end to a disc 88, which 
pivots on a vertical shaft 90 mounted to frame 74. As the gripper cylinder 84 
extends and retracts, the disc 88 rotates, and the two finger frames 80 are 
constrained to move the same distance. 
10 [0048] it is desirable for the 5 pairs of gripper fingers to operate 

simultaneously. This can be achieved by a 5-way flow divider or series 
connection. One or more gripper cylinders can be selectively isolated with 
selector valves to allow one or more rolls of sod to be dropped independently of 
the others. 

15 [0049] Four of the five gripper modules 70 are mounted to the frame 

72 in a way that allows them to slide toward and away from each other. This 
allows the machine to place rolls of sod onto a stack at one (wider) spacing on 
lower levels, and a different (closer) spacing on upper levels. This method of 
stacking is commonly used with manually stacked sod to give greater stability 

20 to the stack. Each of the four sliding gripper module frames 74 includes to 
pairs of linear bushings 92. Instead of a two pairs, two individual (longer) 
bushings could also be used. The bushings 92 slide on two rods 94, one 
clamped rigidly to each side of the pick-up head frame 92. A fifth gripper 
module 96 is rigidly connected to the pick-up head frame 72^ 

25 [0050] As best seen in Figure 13, the sliding of the fifth gripper 

module 96 is accomplished by two slider cylinders 96. Each slider cylinder 96 
is connected at one end to the pick-up head frame 72 at point (c). At the other 
end, the slider cylinder is connected at point (d) to a crank frame 98. Crank 
frames 98 are mounted to the pick-up head frame by a pivot shaft 100. Crank 

30 frame 98 also has points (e) and (f), which are the connecting points for links 
102 and 104. Link 102 connects point (e) of the crank frame to point (g) of 
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gripper module 70. Link 104 connects point (f) of tlie cranl< frame 98 to point 
(h) of gripper module 106. 

[0051] When cylinder 96 retracts, crank frame 98 rotates counter- 
clockwise about pivot shaft 100. This pulls on the links 102 and 104, and 
5 moves the gripper modules 70 to their outer position, which spaces the sod 
rolls apart. When cylinder 96 extends, crank frame 98 rotates clockwise about 
pivot shaft 100. This pushes the links 102 and 104, and moves the gripper 
modules to their inner position, which spaces the sod rolls closer together 
Since point (f) is twice as far away from pivot shaft 100 as point (e) is, gripper 

10 module 106 moves twice as far as gripper module 70. Thus, gripper module 
106 moves the same distance closer to gripper module 70 as gripper module 
70 moves to stationary gripper module 96. In both the inner and outer 
positions, the sod rolls are thus spaced evenly. 

[0052] The same sliding action Is happening to the other two gripper 

15 modules 70 at the other end of the pick-up head. To synchronize the motion of 
the two sets of gripper modules, another link 108 is provided. Link 108 
connects point (!) on crank frame 98 to point 0) on module 110. This constrains 
the two pairs of gripper modules to slide in and out at the same speed. This 
allows the sliding motion to take place with the least amount of acceleration to 

20 disrupt the sod rolls. 

[0053] Figures 16 and 17 represent an altemate accumulator 
conveyor 94 according to another embodiment of the present invention. The 
accumulator conveyor 94 is formed of a support frame 96 which is configured 
to support a accumulator conveyor frame 98. Coupled to the frame 98 is a 

25 bypass mechanism 100. The bypass mechanism functions to allow the 
operator to reject particular rolls of sod. In this regard, the operator actuates 
the bypass mechanism 100 which retracts a portion of the accumulator 
conveyor 94. By retracting the accumulator conveyor 94, the operator can 
cause the roll to drop onto a ramp 104 allowing the roll of sod to fall onto the 

30 ground. 

[0054] The retraction bypass 100 comprises three retractable support 
amns 105 which support a first conveyor sprocket 110. Additionally, the 

12 
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retractor mechanism has a retractable idler type arm 112 which, when 
actuated, pulls the sprocket 110 toward the rear of the vehicle. Upon actuation, 
the idler arm 112 is rotated about the first pivot point, towering the sprocket 
down and increasing the tension on the accumulator conveyor 94. The applied 
5 tension functions to pull the biased retractable arms 105 into the support frame 
98. After releasing the bypass mechanism 1 00, biasing springs or air cylinders 
(not shown) coupled to the retractable arms lOSfunction to push the support 
arms 105 and thus the first conveyor sprocket 110 into its original orientation, 
[0055] Figure 18 shows a vehicle utilizing the alternate system of the 

10 present invention. As previously mentioned, the cutting assembly can be co- 
linear with the conveyor and accumulator mechanism 94. The robotic anm 
functions to remove the rolled sod from the accumulator 94 and position it onto 
a skid as previously mentioned. 

[0056] Significant features of this aspect of the invention are the 

15 concept of squeezing the roils together with the sliding action, and the ability to 
drop one roll separately from ttie other four. This allows eight rolls to be placed 
on the top layer, and twelve on the next one down. This contributes to a more 
stable stack. 

[0057] To summarize the basic operation of the stacker is as follows: 
20 [0058] 1) Sod is cut and rolled using the current, established 

method. 

[0059] 2) The roll is ejected from the rear of the main conveyor. In 
the established method, this is where it drops onto a cross conveyor or catcher 
basket, to be picked up and stacked onto a pallet by hand. Here, it drops in 
25 front of a pusher, which pushes it to the left, onto a buffer conveyor. 

[0060] 3) The buffer or accumulator conveyor Indexes until it 
contains up to 5 rolls of sod. 

[0061] 4) A robotic arm picks up the 5 rolls of sod from the buffer 
conveyor, and places them onto the stack. 
30 [0062] 5) The robotic anm as instructed by the controller continues 

placing sod on the stack, in a different position and orientation every time, until 
the stack is complete. 

13 
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[0063] 6) The operator stops forward motion of the harvester, backs 
up to drop off the stack, and re-starts the robot. 

[0064] The robotic auto-stacker has some commercial advantages 
over alternative designs. It is light-weight and small, fitting approximately within 
5 the envelope of a traditional tractor-mounted sod harvester. It is flexible; the 
robot can be programmed to stack 16 or 24 inch wide sod rolls, into stacks of 
different heights. The pick-up head has two features which can be used to 
stack the top two layers in a "pyramid" fashion. The five grippers 70 on the 
pick-up head can be squeezed together, which will compress the row as it is 

10 placed on the stack. Also, one of the five rolls can be dropped independently, 
which allows you to stack the next to the last layer with two rows of five, with 
two Individual rolls turned sideways in between, and the last layer with four rolls 
each. The robot actually picks up and repositions one of these rows after it is 
initially placed. In other words, there is a high degree of flexibility in how the 

15 sod is stacked, and a stable stack can be achieved without extra wrapping. 

[0065] In addition to the small size and flexibility, the machine is 
expected to cost less than other autostackers currently on the market. This is 
partly due to the use of low-cost proportional valves, instead of higher-cost 
servo valves. This is made possible by a unique interface between the 

20 controller and the valve. 

[0066] The description of the invention is merely exemplary in nature 
and, thus, variations that do not depart from the gist of the invention are 
intended to be within the scope of the invention. Such variations are not to be 
regarded as a departure from the spirit and scope of the invention. Particulariy, 

25 while the system is disclosed for transferring rolls of sod using a robotic arm, it 
is envisioned that the arm can be used to transfer stacked slabs of sod. 
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CLAIMS 

What is claimed is: 

1 . An apparatus for cutting and stacldng rolls of sod comprising: 
5 a wtieeled cliassis for traversing a sod field; 

a horizontal cutting mechanism for cutting a plurality of sod strips; 
an accumulator configured to hold the plurality of sod strips; 
a sod roller configured to roll the sod strips prior to transfenring 
the sod to the accumulator; 
0 a conveyor configured to transfer sod from the cutting mechanism 

to the accumulator; and 

a robotic ami configured to lift the plurality of sod strips from the 
accumulator to a sod storage location. 

15 2. The apparatus according to Claim 1 wherein the accumulator is a 

segmented conveyor. 

3. The apparatus according to Claim 1 wherein the accumulator 
comprises a retractable portion which allows an operator to return a rejected 

20 sod roll to the sod field. 

4. The apparatus according to Claim 3 furtiier comprising a ramp 
disposed below the retractable portion. 

25 5. The apparatus according to Claim 3 wherein tiie robotic arm 

comprises a horizontal pick-up head having a plurality of gripper modules, each 
gripper module configured to engage a separate individual sod roll. 

6. The apparatus according to Claim 5 wherein each gripper module 
30 comprises a pair of engageable fingers, ttie engageable fingers being 
configured to be rotatably positioned to engage a roll of sod positioned in the 
accumulator. 

15 
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7. The apparatus according to Claim 6 wherein the fingers are 
coupled to a gripper actuator, the gripper actuator having an extended position 
whereby the fingers are rotated into a position below a concave stripper. 

5 8. The apparatus according to Claim 6 wherein the fingers are 

coupled so as to cause the fingers to engage the separate sod rolls 
simultaneously. 

9. The apparatus according to Claim 6 wherein the horizontal pick- 
10 up head has a separator mechanism configured to cause movement of at least 

one gripper module with respect to another gripper module. 

10. The apparatus according to Claim 6 further comprising a 
controller configured to regulate the movement of the robotic arm. 

15 11. The apparatus according to Claim 10 wherein the robotic arm is 

hydraulically driven and the controller is configured to control at least one 
hydraulic valve. 

12. The apparatus according to Claim 10 wherein the controller is 
20 electronically coupled and configured to control the gripper modules. 

13. The apparatus according to Claim 10 wherein the controller is 
coupled to a plurality of actuators which are configured to keep the horizontal 
pickHjp head horizontal. 

25 

14. The apparatus according to Claim 10 further comprising a pair of 
forks configured to support a pallet in the sod storage location, said controller 
configured to control the movement of the forks from the first pallet location to a 
second pallet location. 

30 

15. The sod harvester for removing sod from a sod field and placing 
rolled sod into a pyramidal stack comprising: 

16 
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a wheel to chassis having a sod storage location configured to 
support the skid: 

a robotic arm coupled to the chassis, said robotic arm having a 
horizontal pick-up head, the horizontal pick-up head having a plurality of gripper 
5 modules, each gripper module configured to simultaneously engage a sod roll. 

16. The sod harvester according to Claim 15 wherein the robotic arm 
is configured to simultaneously move the plurality of rolls of sod from In an 
accumulator to the palletized skid. 

10 

17. The sod harvester according to Claim 16 further comprising a 
horizontal cutting mechanism configured to cut sod Into strips. 

18. The sod harvester according to Claim 17 further comprising a 
15 conveyor disposed between the horizontal cutting mechanism and the 

accumulator. 



19. The sod han^ester according to Claim 18 further comprising a 
means for rolling sod strips. 

20 

20. The sod harvester according to Claim 19 further comprising a 
mechanism configured to transfer the sod from the conveyor to the 
accumulator. 

21. The mechanism according to Claim 20 wherein the accumulator 
is a segmented, Indexed conveyor. 

22. The mechanism according to Claim 21 wherein the accumulator 
further comprises a retractor mechanism which retracts a porUon of the 

30 accumulator from a first position to a second position, and wherein a sod roll 
will drop to the sod field when the portion of the accumulator is In its first 
position. 
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23. A numerically-controlied robotic manipulator arm mounted to a 
sod harvester, comprising: 

two segments pivotally attached to one another; 
one segment rotatably attached to a fixed base on the mobile 

5 vehicle; and 

the second segment rotatably attached to a pick-up head, said 
pick-up head being capable of picking up, holding, and releasing sod rolls, said 
numeric controls being programmable for a variety of stacking configurations. 

24. A robotic arm for transporting a plurality of sod rolls comprising: 
a base; 

a first member rotatably coupled to the base at the first member 

proximal end; 

a second member rotatably coupled to the base at a second 
member proximal end; 

a first linkage member rotatably coupled to a first distal end of the 
first member and rotatably coupled to a second distal end of the second 
member; 

a third member rotatably coupled to the first linkage at a third 
member proximal end; 

a fourth member rotatably coupled to the first linkage at a fourth 
member proximal end; 

a second linkage rotatably coupled to the third member at the 
third member distal end, the linkage being rotatably coupled to the fourth 
member at the fourth member distal end; and 

a horizontal head member having a plurality of grippers, each 
gripper having at least orie pair of retractable fingers. 

25. The robotic arm according to Claim 24, further comprising a first 
30 actuator disposed between the base and the first member, and a second 

actuator disposed between the first member and the third member. 

18 
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26. The robotic arm according to Claim 24 wiierein each gripper 
comprises a gripper actuator coupled to the pair of fingers. 

27. The robotic ami according to Claim 24 wherein each gripper 
5 further has a concave stripper disposed between the fingers. 

28. The robotic arm according to Claim 24 wherein all the fingers are 
configured so as to actuate simultaneously. 

0 29. The robotic arm according to Claim 24 wherein the horizontal 

head member comprises a support frame lotatably coupled to the second 
linkage and an actuator coupled between the frame and the second linkage 
which is configured to maintain a predetennined angle between the frame and 
the vehicle. 
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